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I. INTRODUCTION
The growing interest in studying energy transport in insulators is surely·evidence of the many unknown and interesting questions which pertain to this problem. A large effort was devoted to establish whether or not the energy migration is coherent or incoherent. In the coherent 1-5 description of energy migration, excitons are described by a group velocity, Vg(k), and hence the individual k states are characterized by a coherence length, l(k), and a coherence time, T(k). The magnitude of l(k) is determined by the nature of scattering centers in crystals.
Moreover, the propagation of the exciton is determined by many radiative 6 7 and non-radiative processes such as trapping, surface quenching, excitonexciton interactions 8 and exciton-phonon coupling. 1 The influence of the 9 latter ~n the exciton properties was investigated both by optical and 10 5 magnetic resonance ' spectroscopy and different models have been adopted for the coupling. The linear exciton-phonon interaction treatment was given by Holstein 11 in discussing self-trapping of polarons and by Silbey 12 in treating the coupling in the one-dimensional case, whereas the quadratic exciton-phonon coupling was developed by Munn and ' 13 Siebrand.
Recently the manifestations of the coupling in the magnetic 14 spectra of excitons were shown to be sensitive to the temperature and the exciton barid width.
The extent to which this coupling alters the stationary and nonstationary properties of the band depends on the nature of the matrix elements which connect the exciton and phonon states. It is therefore where'the signal-to-noise ratio is crucial in establishing some spectral features, the photon-flux must be maximized. Figure 1 show:; the experimental setup for the detection of EPR transitions.
A single crystal was cut to fit inside a helical slow-wave structure matched to a 50 Q rigid coaxial line. The whole assembly was immersed -4-in a liquid helium Dewar which could be pumped to temperatures between 1.3K and 2.1K, depending upon the specific experiment. The light from a PEK 100-W mercury-xenon lamp, whose arc gap is comparable with the crystal size so optimum illumination could be achieved, was collimated and filtered by a Schott interference filter whose peak is centered at The compositions of these crystals were determined by mass spectroscopy. Table I contains the percentage composition of the three samples used in this work.
The single 'crystals were mounted inside the helix affixed to a section of the coaxial cable. After the crystal was cooled to l.JK by pumping on the liquid helium with three Kenney Model KTC-21 vacuum pumps in parallel, the excited species were generated and the phosphorescence spectrum was recorded on a strip chart recorder. The temperature was obtained by measuring the vapor pressure of helium above the crystal, using ALPHATRON (NRC type 530) vacuum gauge.
III. RESULTS
(A) The Emission Spectra.
The unpolarized phosphorescence spectra of the isotopically mixed The structure of the latter is closely related to the room temperature crystal structure in molecular orientations and unit cell dimensions. The details of the structure for both phases are given in Table II . The stacking of the translationally equivalent molecules is along the a-crystallographic axis in both phases, monoclinic and triclinic. Figure 3 demonstrates the nature of this stacking. From this figure it is clear that the out-&of-plane molecular axis is almost -8- parallel to the axis a. This fact, together with the small'length of a compared to b and c lattice constants, leads to the conclusion that this 23 20 system could be e$sentially a one-dimensional system, ' implying that the exchange interaction for the triplet state is largest along the a-axis.
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This is based on a simple view of the nature of nn transitions. In Because of the structural similarities between a guest molecule and its perdeutero isotope, isotopically mixed crystals could be formed with any proportions from the guest and host concentrations. Thus the ODMR spectra of highly concentrated crystals (say ~ 5% H 2 ) could give not only the spectra of isolated H 2 molecules, but also those of cluster states. Thus a concentration dependence study must be .performed in order to isolate the EPR spectra of excited dimers from those of the monomers.
(i) The ODMR Spectra of Monomers.
The ODMR spectra of H 2 and HD traps were observed while monitoring the emission of each trap. Although the ODMR spectrum of HD was easily seen, it was much weaker than the EPR intensity of the deep trap, perhaps because of the loss of spin polarization in the shallow traps due to excitation transfer. The D -lEI spectra consisted of a center peak flanked by three pairs of satellites separated from the main central peak by 7.0, 27.9, and 34.9 MHz. These satellites result from the -9-coupling between the nuclear hyperfine and nuclear quadrupole moments of 16 the chlorine nuclei to the excited triplet electrons.
The chlorine nuclear quadrupole coupling constants observed for the deep 25 trap were essentially the same as those reported for TCB in durene host; however, the zero field splittings differed. Table III the appearance of the quadrupole satellites. Figure 5 shows the ODMR spectra of the 0.06% H 2 crystal in the region of the allowed spin transition at two different power levels.
(ii) The ODMR Spectra of Dimers.
The high power ODMR spectra of highly concentrated crystals ( ~ 5% H 2 ) showed the same features of Figure 4 except the allowed electron spin transition became much broader. However, at low powers the transition resolved into a central line which was coincident with electron spin transition of the 0.06% crystal and new satellites which appeared even at -30 dB power level. In Figure 6 the spectrum of the D -lEI transition is shown at two different concentrations and identical output powers.
Although the transition at lower frequency was not resolved, it appeared very clearly at higher guest concentration, as shown in Figure 7 .
The satellites on the D + lEI transition were more resolved (cf. Fig. 8) because of the larger splittings, and became very clear at higher H 2 -10-concentration, as shown in Figure 9 .
A complete power dependence study was done on the D -lEI transition.
The results clearly indicated that the saturation behavior for the satellites was different from that of the central resonance line.
These results are shown in Figure 10 , and the spin Hamiltonian parameters for these satellites are given in Table III .
The conclusions of the above experiments are: 
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In what follows, we shall use Mulliken's notation for o 2 h symmetry.
Specifically, the z-axis is defined along the C-H bonds, the x-axis as the .The D value refers to the x-axis (cf Fig. 11 ). The details of these calculations are given in reference (16) , and clearly show that in addition to the features mentioned above,a shift in the frequency of the allowed electron spin transition, whose frequency is determined by D .. . s = where C is determined by the resonance conditions between the two (2) molecules of the dimer. For translationally equivalent dimers of centrosymmetric molecules, the above Hamiltonian becomes
This implies that one EPR transition is expected at the Larmor frequency of the monomer. In other words, although the dimer states, IJJ(+) and 1/J(-), are separated by 2S, the resonance frequencies are identical in both states.
An exact Hamiltonian for the dimer, with the inclusion of the spin-orbital Hamiltonian, in a properly antisymmetrized basis set results in differences in Larmor frequencies of the 1/1(+) and IJJ(-) in Figure 5 of the previous paper and demonstrated in Figure 12 of this paper for a dimer which belongs to a one-dimensional band having the following dispersion.
The exchange interaction is domina~t along the a-axis, as in the case of TCB crystal. The position of the monomer and dimer in the k space of the band is also shown in Figure 12 . E 0 is the energy of the molecule in the site.
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Utilizing the theory given in the previous paper, the microwave dispersion for the dimer is
. xz xz t xz (5) and
-14-where the reduction factor, f, is given by =
for a microwave transition between the levels IT.> and IT.> and r is yz yz yz yz (9) where K labels the states of the dimer.
Our experiment~ demonstrate the validity of the above equations for one-dimensional systems. Figure 13 system -is given by' z = g_ + g+ exp(-2S/kT) + ~ exp(-8/kT) (10) where the energy of ljJ(-) is taken to be zero and g is the number of states. Thus at a fixed temperature the intensity ratio of the plus Figures 8-10 of the previous paper ) . The important point to remember is that the transfer time in this system must be less than Commission.
-22- The analysis of this sample was done by NMR since the intensity of H 2 in the mass spectrum was not appreciable.
.. Table I .
The B and C spectra were taken at 4.2°K while the A spectrum was recorded at 1.8°K. The strongest band in the spectra is due to H 2 guest emission and the bands at higher energy are due to HD and n 2 emission. .. 
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